Hedgehog signaling is required for differentiation of endocardial progenitors in zebrafish.
Endocardial cells form the inner endothelial layer of the heart tube, surrounded by the myocardium. Signaling pathways that regulate endocardial cell specification and differentiation are largely unknown and the origin of endocardial progenitors is still being debated. To study pathways that regulate endocardial differentiation in a zebrafish model system, we isolated zebrafish NFATc1 homolog which is expressed in endocardial but not vascular endothelial cells. We further demonstrate that Hedgehog (Hh) but not VegfA or Notch signaling is required for early endocardial morphogenesis. Pharmacological inhibition of Hh signaling with cyclopamine treatment resulted in nearly complete loss of the endocardial marker expression. Simultaneous knockdown of the two zebrafish sonic hedgehog homologs, shh and twhh or Hh co-receptor smoothened (smo) resulted in similar defects in endocardial morphogenesis. Inhibition of Hh signaling resulted in the loss of fibronectin (fn1) expression in the presumptive endocardial progenitors as early as the 10-somite stage which suggests that Hh signaling is required for the earliest stages of endocardial specification. We further show that the endoderm plays a critical role in migration but not specification or differentiation of the endocardial progenitors while notochord-derived Hh is a likely source for the specification and differentiation signal. Mosaic analysis using cell transplantation shows that Smo function is required cell-autonomously within endocardial progenitor cells. Our results argue that Hh provides a critical signal to induce the specification and differentiation of endocardial progenitors.